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® Method and apparatus for manufacturing stress-controlling resilient enclosures for electrical 
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© Method for manufacturing resilient sleeve- 
shaped plastic articles which comprise a plurality of 
layers of joined sleeve-shaped plastic partial articles 
and are shiftable onto electrical connectors, by layer- 
wise injection molding, wherein a plurality of cores 
are moved cyclically through a series of mold cav- 
ities and are provided in the mold cavities, by injec- 
tion molding, with the partial articles which are sub- 
sequent in the layer structure. 
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METHOD AND APPRATUS FOR MANUFACTURING STRESS-CONTROLLING RESILIENT ENCLOSURES FOR 
ELECTRICAL MEDIUM AND HIGH VOLTAGE CONNECTORS 



The invention relates to a method and an ap- 
paratus for manufacturing resilient sleeve-shaped 
plastic articles which comprise a plurality of layers 
of joined sleeve-shaped plastic partial articles and 
are shiftable onto electrical medium or high voltage 5 
connectors, particularly elbow plug connectors, by 
layer-wise injection molding wherein preferably a 
first, innermost partial article is manufactured form 
a piastic material of iow eieciricai conductivity, a 
further partial article is manufactured from elec- io 
trically insulating plastic material, and an outer par- 
tial article is manufactured from plastic material of 
low electrical conductivity. 

Elastomeric articles which have a layered 
structure of different plastic materials are difficult to is 
manufacture economically if what matter is a 
throughgoing faultless surface interconnection of 
the layer-like partial articles, and/or the article is of 
a shape which is not very simple, e.g. the shape of 
an open hollow body. Additional difficulties arise if 20 
still also certain electrical properties must be main- 
tained. This holds particularly if the article is an 
elastomeric, and possibly also stress-controlling, . 
enclosure for an electrical connector for medium 
voltage or high voltage, particularly a connector In 25 
the shape of an elbow plug connector. In such 
connectors, an innermost partial article forms a 
field smoothening electrode of electrically slightly 
conductive material, a central partial article forms 
an elastomeric electrical insulation, and an outer 30 
partial article forms an electrically slightly conduc- 
tive elastomeric shield. The shape of the article, 
particularly of its interior wail, must be adapted as 
exactly as possible to the shape of the connector 
parts to b8 enclosed, particularly a male and a 35 
female connector part, in order that the article can 
be easily shifted onto the connector parts and will 
thereafter be in close contact with the connector 
parts. 

Such multi-layered elastomeric articles which ao 
serve as enclosures for electrical purposes have 
been hitherto manufactured, according to the inter- 
nal state of the art of the applicant, in that first the 
innermost and an outer partial articfe were pro- 
duced separately by Injection molding with the use 45 
of corresponding cores; thereafter, the outer partial 
article was removed form its core, and the inner 
partial article was arranged in the interior of the 
outer partial article; finally, then the interspace be- 
tween the aforementioned partial articles was filled- so 
out with elastomeric plastic mass. Since the cores 
normally are constituents of an injection molding 
apparatus, the aforedescribed mode of operation 
normally requires that also the Inner partial article 



is removed from a core used for Its manufacture, * 
and drawn onto another core in order to become 
arranged in the interior of the outer partial article. . 
These steps, as well as the correct aligning of the 
inner and outer partial articles, require a consider- 
able expense of labour and time; in that time, the 
partial articles will cool down, whereby a re-heating 
becomes necessary which in turn requires time. A 
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the plastic mass injected between two partial arti- 
cles can proceed only very slowly; this will further 
increase the time demand for the curing of the 
article, i.e. for the completion of its manufacture. 

The high expense of labour and time, and the 
complexity of the operating steps make the af- 
oredescribed method of manufacture less suited for 
larger production series or even an automatic mass 
production. Furthermore, it has been found that 
enclosures for medium and high voltage connec- 
tors which have been produced in accordance with 
that method are susceptible to electrical trouble; 
particularly glow discharges and breakthroughs 
may occur in the area of the inner boundary of the 
electrically slightly conductive outer partial article; 
thereby, the insulating and stress controlling prop- 
erties of the article may change disadvantageous^, 
and/or the article can be damaged or even become 
inoperative.. Such trouble obviously is due to elec- 
trical inhomogeneities of the manufactured articles. 

It is the object of the invention to provide a 
method and an apparatus by which elastomeric 
articles of the aforedescribed kind can be manufac- 
tured with a reduced time demand and a simple 
possibility of automation; more particularly, the 
manufactured plastic articles can be free of disturb- 
ing electrical inhomogeneities. 

According to the invention, that object is at- 
tained by the method according to claim 1', and the 
apparatus according to claim 6, respectively. 

According to the invention, the articles are 
manufactured in series production. To that end, a 
core Is cyclically conveyed through a series of 
injection molding mold cavities and provided there 
with successive layers of moided-on partial articles. 

During the whole process of manufacture, the prod- 
uct which grows layer by layer remains on the 
core, whereby intricate intermediate steps of opera- 
tion are avoided and the products can be rapidly 
conveyed Into the next mold cavity; thereby, It is 
achieved that the time demand for the manufacture 
of the article is essentially determined only by the 
time periods required for the injection molding and 
curing. At the end of the manufacturing process, 
the removal of the core Is relatively simple because 
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the interior space of the article is in any case 
designed so that the article can be easily shifted 
onto a correspondingly shaped body or again 
drawn off from such a body. As will be readily 
appreciated, the method according to the invention 5 
is particularly suited to be performed automatically 
at high production speeds. The quality of the man- 
ufactured article is high because during the manu- 
facturing process proper, manual operations are 
not necessary, and thus human imperfection can- to 
not cause disadvantages. Since also the conveying 
of the products between the individual mold cav- 
ities can be done automatically and within short 
time, a reheating of the products between the in- 
dividual manufacturing steps is not necessary; this 
will also have a favourable effect on the quality of 
the manufactured articles. This will become appar- 
ent particularly in the important advantage that the 
electrical safety of the articles manufactured in 
accordance with the invention is particularly high. 20 

There are practically no losses by glow discharge, 
breakthroughs, and the like. 

Because of the obtainable high manufacturing 
speeds and the avoiding of manual operation steps, 
the method according to the invention will also 25 
result in a considerable reduction of the manufac- 
turing costs. 

A cyclic manufacture of a partly ^two-layered 
elastomeric article, wherein the two layers consist 
of electrically insulating and electrically slightly 30 
conductive plastic material, respectively, is known 
from the European disclosure letter 0078934. This 
involves the manufacture of contact mats for key- 
boards. Also the German disclosure letter 28 22 

033 describes a cyclic method for the manufacture 35 
of contact mats. It is not indicated in the said 
publications, however, that and how the methods 

and devices described therein could be suitable 
and advantageous in the manufacture of multi-lay- 
ered elastomeric hollow bodies which are suitable 40 
as enclosures for electrical connectors. 

Another cyclic injection molding technique for 
the manufacture of simple two-layered plastic arti- 
cles Is known from the German disclosure letter 28 

34 211. In that method, however, complicated ex- 46 
change movements must be performed with mold 
parts of an injection mold, and the method obvi- 
ously Is suitable only for two-layered articles. 

The manufacture of a two-layered elastomeric 
enclosure for electrical connectors by Injection 50 
molding of an interior sleeve and subsequent injec- 
tion molding of an exterior sleeve onto the interior 
sleeve is known from the German disclosure letter 
t4 65 493. There is, however, no suggestion of a 
cyclic manufacture and/or an apparatus suitable 5 s 

therefor, and obviously, more than two layers have 
not been contemplated. 



In the method according to the Invention, a 
further simplification is possible by manufacturing 
the various partial articles essentially simultaneous- 
ly. This permits a considerable simplification of the 
apparatus. The same is true also for the further 
development that the mold cavities are commonly 
opened and dosed. Then, the partial mold cavities, 
from which the mold cavities are formed, can be 
provided for all mold cavities in one arid the same 
invention mold parts* 

If the articles to be manufactured have a com- 
plicated shape, a development may be appropriate 
in which in at least one of the mold cavities, the 
inserted core is supplemented by an auxiliary core 
moved into the mold cavity, and the auxiliary core 
is again removed from the mold cavity prior to the 
removal of the core. 

The apparatus according to the invention, ac- 
cording to claim 6, which is particularly well suited 
for performing the method according to the inven- 
tion has a very simple structure and can be op- 
erated in a simple manner with a high operating 
speed. 

The invention will be subsequently described 
by means of an embodiment example In connec- 
tion with the drawing. 

Fig. 1 Is a diagrammatic plan view of the 
lower die of an injection molding apparatus accord- 
ing to the invention, with the upper die being not 
illustrated, and shows the Injection molding appara- 
tus at the end of an Injection molding cycle, prior 
to the removal of the products obtained in the 
individual steps. 

Fig. 2 is a diagrammatic sectional view along 
line INI of Fig. 1. 

Fig. 3 shows a diagrammatic sectional view ^ 
which is enlarged as compared to Figs: 1 and 2, an 
article manufactured in accordance with the Inven- 
tion, the article being of the kind of article illus- 
trated In Figs. 1 and 2. 

The injection molding device which Is diagram- 
matlcaJly illustrated in Figs. 1 and 2 contains an 
injection mold 5 formed by two injection mold 
parts, 1, 3, which mold can be closed and opened 
by relative movement of the mold parts 1 and 3. 
The mold parts 1 and 3 Include mold part cavities 
7, 9, 11 and 13, 15, 17, respectively, for forming 
different partial articles 19, 21, 23 which form dif- 
ferent layers of a sleeve-like article 25 to be manu- 
factured, in this case an enclosure of a high voltage 
elbow plug connector. In the illustrated embodi- 
ment, the mold parts i, 3 essentially have the 
shape of rectangular plates having a recess 27 and 
29, respectively, for forming an input and output 
working station 31 in which the finished article 25 
can be removed and possibly the manufacture of a 
further article can be initiated. 
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In the illustrated embodiment, the injection 
mold parts 1, 3 are arranged on top of another on a 
base frame 33 and thus form a lower die and an 
upper die, respectively. The lower mold part 1 is 
stationary arranged at the base frame 33, and the 
upper mold part 3 is vertically movable on rods, for 
instance 35, 37, by means of a mold drive 39 
which is only diagrammatically indicated, between 
the illustrated open position and a closed position 
in which opposite partial mold cavities, for instance 
7 and 13, each form together a mold cavity in the 
illustrated embodiment, three further working sta- 
tions 41, 43, 45 are provided, in addition to the 
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comprises co-operating partial mold cavities. In the 
illustrated embodiment, the working stations 31, 41, 
43, 45 are arranged on a circular path 47 at dis- 
tances of 90°. 

A sleeve-shaped elastomeric article 25 to be 
manufactured is produced by layer-wise injection 
molding on a core the shape of which corresponds 
to the cavity 49 of the article to be manufactured. 
To this end, a core carrier 51 is provided which in 
the illustrated embodiment forms a radial carrier 
arm with respect to the circular path 47, and is 
designed to receive a core 53. In the input and 
output working station 31, the core 53 can be 
easily connected to, or removed from, the core 
carrier 51, for instance by the aid of a (non-illus- 
trated) snap connection. The core carrier 51 is 
movable by means of a core carrier moving device 
55 in correspondence with the closing and opening 
movement of the form parts 1 and 3 so that the 
core 53 is successively movable into and out of the 
working stations 31, 41, 43, 45. When the injection 
mold is closed, the core will be disposed in the 
mold cavities 7/13, 9/15, 11/17 farmed by the par- 
tial mold cavities, in positions in each of which a 
layer-like partial article 19, 21, 23, respectively, 
which is to be manufactured there can be pro- 
duced by injection molding. The illustrated core 
carrier moving device 55 includes a hydraulic cyl- 
inder 57 having a piston rod 61 arranged in the 
axis 59 of the circular path 47. The core carrier 51 
is secured to the piston rod 61 . The piston rod 61 
extends upwards beyond the upper mold part 3 
and is rotatably and shiftably supported in that area 
in bearings 65, 67; these bearings are secured at a 
carrier 69 which in turn is secured to the upper 
mold part 3. in the range of its free end, the piston 
rod 61 has a longitudinal groove 71. Between the 
bearings 65, 65,« a gear 73 is unshiftably journalled, 
which is coupled with the longitudinal groove 71 for 
common rotation, the gear 73 meshing with a drive 
gear 75 of a controllable drive motor 77. The 
rotative drive formed in this manner permits a 
controlled rotation of the piston rod 61 and the 



parts secured thereto, for instance the core carrier 
51. Moreover, the piston rod 61 is controllably 
movable In the direction of Its axis 59 by means of 
the hydraulic cylinder 57. 

5 In the illustrated embodiment, a plurality of 
core carrier, l.e. the already mentioned core carrier 
51 as well as the further core carriers 79, 81, 83, 
are united to form a core carrier compound 85 
which is secured to the piston rod 61, the core 
70 carriers being mutually spaced In correspondence 
with the distances between the working positions 
31, 41, 43, 45 (i.e. 90° in this case). In the working 
phases Illustrated in Figs. 1 and 2, cores 87, 89, 91 
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75 working phases in the sense of consecutive steps 
of the manufacture of the article 25 can be simulta- 
neously proceed in the working stations 31, 41, 43, 
45. In the illustrated embodiment, the core carrier 
compound 85 forms a turret This makes a rapid 
20 operation within a narrow space possible. 

In the injection mold 5, feed lines 93, 95, 97 for 
flowable, curable plastic mass extend to the mold 
cavities 7/13, 9/15, 11/17. Furthermore, controllable 
heating devices (normally electrical heating car- 
25 tridges) 99, 101, 103, 105 are provided in the 
injection mold parts 1 and 3. In the illustrated 
embodiment, there Is the particular feature that at 
least one feed line is essentially free of the influ- 
ence of the heating devices. Thereby, a curing of 
30 the plastic mass is avoided in that feed line, and 
the mass being left in the line can be used during 
the next injection operation, which will result in a 
considerable saving of plastic mass. Normally, par- 
ticularly injectable plastic masses which have been 
35 made electrically conductive are very expensive; 
just for those masses, the use of the aforemen- 
tioned non-heated feed lines is thus particularly 
appropriate. In the illustrated embodiment, an arti- 
cle 25 is manufactured which forms an elbow plug 
40 enclosure and comprises an electrically conductive 
innermost plastic partial article 19 and an elec- 
trically conductive outer plastic partial article 23; 
therebetween, there is an electrically insulating 
plastic partial article 21. In order to save expensive 
45 electrically conductive plastic mass, the feed lines 
93 and 95 serving for the injection molding of the 
said partial articles 19 and 23, extend in areas 
which are essentially free of the influence of the 
heating devices. 

so In the illustrated embodiment the injection 
mold parts 1 and 3 each carry a heat Insulating 
plate 107 and 109, respectively, on their outer 
sides, and the said feed lines 93 and 95 extend 
across a short distance through the lower heat 
55 insulating plate 107 to the outside where they ex- 
tend to a common connection 111, 
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In the working station 43, usual, i.e. electrically 
insulating, plastic mass is used, which is less valu- 
able. Therefore, a feed line 113 can be used there 
which' extends in the usual manner in the mold 
portion surface 115 and is under the influence of 5 

the heating devices so that the mass being in the 
feed line 113 will cure after the injection molding 
step, and will form legs which will be tom off when 
the manufactured get loose from the partial mold 
cavities. 70 

In the illustrated embodiments, a great variety 
of moldabie shapes are made possible in that the 
mold parts 1 and 3, at least one auxiliary core can 
be selectively shffted into a mold cavity. In the 
illustrated embodiment, an auxiliary core 117, 119, is 
121 is provided in each of the working stations 41, 

43, 45. In their extended positions, as illustrated in 
Fig. 1, these auxiliary cores form extensions of the 
cores 53, 87, 89, respectively, and serve to manu- 
facture an angular portion 123 of the article 25. 20 

After each injection molding cycle, the auxiliary 
cores are retracted so that they will not impede the 
progress of the cyclic manufacturing process. The 
pneumatic actuating devices of the auxiliary cores 
are not illustrated. Furthermore, also the command- 25 
ing the controlling devices which are necessary to 
obtain a coordinated automatic mode of operation 
of the apparatus are not illustrated. They can be 
readily provided by skilled people. 

The apparatus illustrated in Figs. 1 and 2 op- 30 
erates as follows: 

Fig. 1 shows a phase in which an injection 
molding cycle has just been terminated. In the 
working station 41, a first partial article 19 has been 
injection molded, as a first product, on the core 53 as 
and an auxiliary core 117 extended thereto. In the 
working station 41 , a second partial article 21 has 
been injection molded onto a first pre-product 
which has been injection molded onto the core 87 
in a preceding injection molding cycle, and thus a 40 
. second product 125 has been obtained. 

in the working station 45, a third partial article 
23 has been injection molded onto a second prod- 
uct which has been produced in the preceding 
injection molding cycle, and thus a third product 45 
127 has been manufactured. From that third prod- 
uct 127, the first article 25 will be obtained in the 
working station 45 by thermal curing, and the first 
article can be removed from the core in the subse- 
quent cycle at the input and output station 31 , as so 
has already been described. 

At the end of the injection molding cycle illus- 
trated in Rg. 1, the auxiliary cores 117, 119, 121, 
are retracted to (non-illustrated) positions in which 
they do not interfere with the removing of the cores ss 
from the mold cavities. Thereafter, the mold parts 1 



and 3 are moved away from each other, and the 
core compound 85 is moved upwards until it Is 
positioned between the mold parts 1 and 3 (Rg. 2). 
■During this step, legs will be torn off and removed. 

Rg. 2 shows the condition so obtained. There- 
after, the core compound 85 is advanced in the 
rotating direction 129 by 90° and then again 
moved downwards. The mold parts 1 and 3 are 
closed, and the auxiliary cores 103, 105 and 107 
are moved into the advanced positions. Then, in- 
jection molding mass is supplied until the con- 
ditions of Rg. 1 is again obtained. 

Rg. 3 shows a scale which is enlarged as 
compared with Rgs. 1 and 2, an article 325 which 
has been manufactured in the aforedescribed man- 
ner and has a similar shape as the article 25 
according to Rgs. 1 and 2. Again, this is an 
elastomeric enclosure for the electric medium volt- 
age elbow plug connector. Accordingly, the article 
325 includes an angular part 333. The Illustrated 
article 325 consists of an inner partial article 319 
which forms an elastomeric field smoothening lay- 
er, an outer particle article 323 which forms an 
electrically slightly conductive elastomeric shield 
layer, and a central partial article 323 which is 
interposed without gaps and forms an insulating 
layer. The cavity 349 of the article 325 has a shape 
which is determined by the cores applied during 
the manufacture and is diminished so that a female 
part and a male part of an electrical plug connector 
can be inserted and interplugged while being con- 
tiguously enclosed. 



Claims 

V 

1. Method for manufacturing resilient sleeve- 
shaped plastic articles which comprise a plurality of 
layers of joined sleeve-shaped plastic partial arti- 
cles and are shiftable onto electrical medium or 
high voltage connectors, particularly elbow plug 
connectors, by layer-wise injection molding, the 
method preferably including manufacturing a first, 
innermost partial article from electrically slightly 
conductive plastic material, a further partial article 
from electrically insulating plastic material, and an 
outer partial article from electrically slightly con- 
ductive plastic material, characterized in that a se- 
ries of cores (53. 87, 89) having a shape cor- 
responding to the cavity (49) of the article (25) are 
cyclically advanced through a series of mold cav- 
ities (7/13, 9/15, 11/17) and are provided, by injec- 
tion molding, in each of the mold cavities with a 
partial article which is subsequent in the layering, 
with a free core being present at the beginning of 
the series, and a finished article being removable 
at the end of the series, and preferably being 
separated from the core. 
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2. The method according to claim 1 , character- 
ized in that the various partial article (19, 21, 23) 
are manufactured essentially simultaneously. 

3. The method according to claim 1 or 2, 

characterized in that the mold cavities (7/13, 9/15, $ 

It/17) are opened and closed in common. 

4. The method according to claim 2 or 3, 
characterized in that the mold cavities (7/13, 9/15, 
tt/17) are opened and closed by relative move- 
ment of two injection mold parts (1, 3) which each io 
contain a series of partial mold cavities. 

5. The mold according to one of the preceding 
claims, characterized in that in at least one of the 
mold cavities, the introduced core is supplemented 

by an auxiliary core (117, 119, 121) moved into the is 
mold cavity, and the auxiliary core is removed from 
the respective mold cavity prior to the removal of 
the core. 

6. An apparatus for performing the method 
according to one of the preceding claims, compris- 20 
ing an injection mold (5) in which a mold cavity 
(7/13) can be opened and closed by relative move- 
ment of injection mold parts (1, 3) in which partial 
mold cavities (7, 13) are provided, characterized in 

that the injection mold (5) is designed to form a 25 

plurality of mold cavities (7/13, 9/15, 11/17) of 
which each is designed to manufacture a certain 
partial article (19, 21, 23) of the article (25) to be 
manufactured, and in that a core holder (51) is 
provided to hold a core (53) corresponding to the so 
cavity (49) of the article (25) to be manufactured, 
and is drivable by means of a core holder moving 
device (55) in corresondence with a cyclic opening 
and closing movement of the mold parts (1, 3) so 
that the core (53) is cyclically movable succes- as 
sively into* and out of working stations (41, 43, 45) 
jn each of which the core is disposed within the 
mold cavity in a position where a layer-like partial 
article (19, 21, 23) to be produced there can be 
produced by injection molding. 40 

7. The apparatus according to claim 6, char- 
acterized in that the injection mold parts (1, 3) 
comprise partial mold cavities (7, 9, 11, 13, 15, 17) 
for forming a series of mold cavities (7/13, 9/15, 

11/17) in correspondence with a series of partial 45 
articles (19, 21, 23) to be produced successively. 

8. The apparatus according to claim 6 or 7, 
characterized in that a plurality of core carriers (51 , 

79, 81, 83) are united to form a core carrier com- 
pound (85) in which the core carriers are disposed so 
at distances which correspond to the distances 
between the working stations (31, 41, 43, 45). 

9. The apparatus according to one of claims 6 
to 8, characterized in that a plurality of working 
stations (31, 41, 43, 45) are distributed in a circular 55 
path (47). 



10. The apparatus according to claims 8 and 9, 
characterized in that the core carrier compound 
(85) forms a turret. 

11. The apparatus according to one of the 
claims 6 to 10, wherein feed lines (93, 95, 113) for 
flowable curable plastic mass extend to the partial 
mold cavities provided in the mold parts (1, 3) 
characterized in that at least one feed line (93, 95) 
is essentially free of the influence of heating means 
(99, 101, 103, 105). 

12. The apparatus according to one of the 
claims 6 to 11, characterized In that the mold parts 
(1, 3), at least one auxiliary core (117, 119, 121) is 
seiectiveiy movable into a mold part cavity to be- 
come connected with the core (53, 87, 89) which is 
present there. 
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